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ABSTRACT 


Oral diseases are ubiquitous in nature. The offending cause could be bacterial, fungal, and viral, as a result of oxidative 
stress, as a form of inflammation or uncontrolled proliferation of cells. Extensive research and development have been 
invested in the efforts to remove the burden of oral lesion from the society. Marine brown algae have been used as food 
and for various industrial benefits. These algae have been studied to possess certain properties which make them a great 
candidate for medical research. The unique facets of these marine brown algae included the antibacterial, antifungal, 
antiviral, antioxidant, anti-inflammatory and anti-cancer properties. Numerous in vitro studies and a few in vivo studies 
proclaimed the success in employing these algae for medicinal and dental use. Within the dental horizon literature claimed 
the use of such organisms in the fight against caries and periodontal diseases, in impression materials and in the field of 
dental implant logy. Brown algae provide a much more sustainable and naturally acquired remedy than synthetic 


medicines and their production. 
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INTRODUCTION 


The oral cavity hosts many microorganisms of which a few are pathogenic causing dental diseases.’ the most common 
dental disease is the dental caries. Microorganisms like Streptococcus mutants, Streptococcus oralis, and Streptococcus 
sanguis and play contributory roles for the development of the dental disease. Periodontal breakdown is often due to plaque 
build up surrounding the tooth structure.”* Plaque contains an ecosystem of microorganisms such as Fusobacterium, 
Porphyromonas gingivalis and Actinomyces sp .These microorganisms are causative for a variety of dental issues which 
could lay the seeds for more serious medical conditions and life-threatening ailments. Oral cavity has been associated with 
various bacterial infections in spite of the oral cavity being protected by phagocytes, the flushing of saliva and the resilient 
oral epithelium. Such lesions become increasingly prevalent with patients having an immune compromised state such as 
Acquired Immuno-Deficiency Syndrome (AIDS), transplant patients, uncontrolled diabetes and chronic corticosteroid 


users (cancer patients).*° 


Algae belong to the Kingdom Protista and are eukaryotic organisms. All species of algae are photosynthetic and 
have a simple anatomy. Similar to the terrestrial plants, algae contain pigments that aid in photosynthesis with the use of 
sunlight. Algae are distributed in the freshwater as well as salt water bodies of the world. They are particularly abundant in 


number and variety in the tropical seas of southern India in the region of the Gulf of Mannar. ° Algae can be broadly split 


into three main groups based on their predominant pigmentation into the green (Chlorophyta), brown (Phaeophyta) and red 
(Rhodophyta) algae.’ The penultimate, phaeophyta or brown algae are named so due to the presence of a xanthophyll 
pigment called fucoxanthin giving these algae a characteristic brown appearance.* A shift in the nature of use of these 
brown algae has been witnessed in recent times. These brown algae used traditionally as a food source have been inoculated 
in various research for the identification and exploitation of the phytochemicals they contain. Few of such potent bioactive 
molecules include: fucoidans, sterols, glycolipids and terpenoids.”’® These compounds have been employed against common 
ailments affecting mankind and have returned with positive outcomes. Among the various types of algae the marine macro 
algae have shown higher potential for pragmatic use in dentistry . The antimicrobial effect of these organisms and their 


prospective use in the field of dentistry has been reviewed using a spectrum of literature in this article. 


Marine algae or seaweeds are group of organisms with little tissue differentiation that grow along the sea shores 
“Seaweeds are available in different forms and sizes, and ranges from unicellular microscopic organisms (microalgae) to 
multi-cellular of great size (macro algae).'' Humans are closely associated with these algae in numerous ways as a source 
of food, feed, fertilizer, medicine and as phycocolloids.'” Crude extracts of algae and their components exhibit medicinal 


values like antimicrobial, antiviral, antifungal , anticancer, antioxidant, and anti-inflammatory properties. 


Seaweeds have lipids, proteins, minerals, dietary fibres, fatty acids, essential amino acids, omega-3, vitamins A, 
B, C, and E, and polysaccharides. '° It also contains abundant of biologically active phytochemicals that play important 
roles in health-promoting effects such as polyunsaturated fatty acids, terpenoids, xanthophylls, carotenoids, phycobilins, 
chlorophylls, polysaccharides, vitamins, sterols, tocopherol, and phycocyanins.’®. Fucoxanthin, a type of xanthophyll that 
acts as an accessory pigment in the chloroplasts of brown seaweed, has been reported to contain numerous health benefit 
properties including anti-microbial and anti-cancer.'” It contains high amounts of polyphenols which exhibit high potential 
as natural antioxidants. The polyphenols in the seaweeds have been proven as free radical scavengers and antimicrobial 


agents and are used in the treatment of major degenerative and deficiency diseases."* 
ANTI BACTERIAL 


Brown Seaweed is a type of seaweed. Antibacterial activities have been documented in crude extracts and isolated 
compounds from various brown seaweed species. Kim et al.(2011), showed that the ethanolic extract of Laminaria japonica 
has antimicrobial activity against oral bacteria, with MICs of 250 and 62.5 g/mL against Actinomyces naeslundii and 
Actinomyces odontolyticus, respectively, and 250 and 62.5 g/mL against Fusobacterium nucleatum and Porphyromonas 


gingivalis, respectively. 


Actinomyces naeslundii and Actinomyces odontolyticus had minimal bactericidal concentrations of 500 and 250 
g/mL, respectively. A dose-dependent impact was seen, as well as a change in cell surface texture in Actinomyces 


odontolyticus and Porphyromonas gingivalis.” 
Anti-Viral Properties 


When tested in cell cultures, extracts from Gracilaria bursa-pastoris and other Gracilaria sp were ineffective against the 
Herpes simplex 1 virus (HSV) and the human immunodeficiency virus (HIV).”*”! These extracts yielded the proteins 
granin BP and citrullinyl-arginine .””? Methanol extract from dried Gracilaria pacifica was effective against Sindbis virus 


at a concentration of 200.0 g/mL, but not against H. simplex 1 at a concentration of 400 g/mL. Gracilaria sp extracts and 


compounds with anti-HIV activity are also potent against other retroviruses including HSV. However, because bioactive 
chemicals from seaweed have been little explored, the pharmacodynamic mechanisms of antiretroviral action are yet 


unknown .”4 
Anti Fungal Properties 


Marine brown algae had shown appreciable resistance to common fungal pathogens. Shibu et al (2019) revealed the 
antifungal efficacy of a marine brown algae Sargassum wightii against Candida albicans, Candida parapsilosis, Fusarium 
sp., Aspergillus flavus and Aspergillus fumigatus. The microbial inhibitory zones showed an increased clearance with an 
increase in concentration of the extract. The phytoextract prepared using ethanol as solvent showed maximum antifungal 
effect.’> A study on the effect of brown algae Spatoglossum asperum had shown positive antifungal effect against common 
fungal dermatophytes viz. Candida albicans, Candida tropicalis, Trichophyton mentagrophytes and a non dermatophyte 
Aspergillus flavus. The disc diffusion method had been employed with the discs being loaded with chloroform and 
methanolic extracts of the algae.”° This antifungal property of Spatoglossum asperum could be employed for oral 
candidiasis and aspergillosis with further research. Similarly, Selvaraj et al reported that the chloroform extract of 
Stoechospermum marginatum showed moderate antifungal activity against Trichophyton mentagrophytes, Aspergillus flavus and 
Candida albicans.” Negara BFSP et al., identified phlorotannins as biomolecules with high antifungal efficacy. Phlorotannins are 
specifically found in brown seaweed; they are formed by the Golgi apparatus through the acetate-malonate pathway. The 
phlorotannins were extracted from marine brown algae Ecklonia cava, Ecklonia stolonifera, Sargassum ringgoldianum, Ishige 
okamurae, Fucus vesiculosus, and Eisenia bicyclis, as well as species in the genera Cystophora and Fucus. The minimum 
inhibitory concentration ranged from 3.9 to 31.3 mg/mL against C. albicans, E. floccosum, and T. mentagrophytes.”* Such 


biomolecules could be isolated, stabilized and used as effective antifungal medications. 
Anti Oxidant 


By chelating metal ions, phenolic substances can act as antioxidants, limiting radical production and enhancing the 
antioxidant endogenous system . 7” Natural antioxidants derived from plants can react quickly with these free radicals, 
slowing or stopping the progression of oxidative damage.*” Antioxidants derived from natural sources can help extend the 
shelf life of foods. As a result, antioxidant consumption and/or the addition of antioxidants to food components may 


protect the body as well as the foods against these events .*" 
Anti-Inflammatory 


According to Bhakuni, D.S et al. (1992) these seaweeds have anti-inflammatory properties Bio active molecules.” 
Polysaccharide fractions from Gracilaria verrucosa were given orally and intraperitoneally to mice at a concentration of 4.0 


mg/animal and demonstrated immunopot entailing activity that stimulated phagocytosis.**** 


Anti Cancer Property 


The anticancer potential of crude extracts of diverse brown algae derived from various marine locations against various 
cancer cell lines has been studied extensively. The enzymatic extract of Ecklonia cava, as well as its crude polyphenolic 
and polysaccharide fractions, demonstrated ant proliferative activity against marine colon cancer cell line (CT-26), human 
leukaemia (THP-1), mouse melanoma (B-16), and human leukaemia (U-937) cells in vitro. According to the nuclear 


staining experiment, the polyphenolic extract had the strongest activity against CT-26 cells (C50 = 5.1 g/mL) via 


apoptotic cell death. ** The importance of brown algae's in vitro anticancer potential for cancer therapy was highlighted by 
in vivo studies on tumour suppressive activity. The antiproliferative activity of crude extracts of ten Phaeophyta species 
isolated from the Brittany coasts against three human cancers, human leukaemic T cell lymphoblast (Jurkat), human 
Burkitt's lymphoma (Daudi), and human chronic myelogenous leukaemia (K562) cells, revealed that Sargassaceae sp., 
Dictyota dichotoma, and Desmarestia proved efficient in preventing cell growth. Padina pavonica and Cystoseira 
mediterranea brown algae had a substantial inhibitory effect on human breast adenocarcinoma (MCF-7) and human 
prostate cancer cells (DU 145, PC-3, and LNCaP) in a crude methanol extract recovered from the Aegean Shores of 
Turkey**” The anti-tumor property of brown algae is established to be as a result of its ability to maintain an 
antiproliferative property by propagating apoptotic cell death. Such a valuable property could yield in cancer 


chemotherapeutic with improved efficiency and reduced side effects. 
APPLICATIONS IN DENTISTRY 


Anticariogenic Phenolic chemicals compounds isolated from brown algae impede bacteria's biological processes by 
damaging the permeability of the bacteria's cell membrane, resulting in Dental Caries.** Sargasso micracanthum, a brown 
seaweed, has anti cryogenic efficacy against a variety of cariogenic bacteria, including Streptococcus mutans, 
Streptococcus pyogenes, and Streptococcus sobrinus. Strong anti-cariogenic action was also discovered for Dictyopteris 
undulata against Streptococcus mutans, Streptococcus sobrinus, and Streptococcus pyogenes. Peronospora arborescens, on 
the other hand, was found to have inhibitory effects on Streptococcus mutans and Streptococcus sobrinus. Sargassum 
muticum, on the other hand, displays anticariogenic effects against Streptococcus mutans. Ishige okamurae was found to 


exhibit potent inhibitory effects against Streptococcus mutants and Streptococcus pyroxenes, two cryogenic bacteria” 


Periodontal Diseases: Periodontal disease affects the ligament periodontal tissue, specifically the gingiva, as well 
as the buffer network that connects teeth and alveolar bones. Gingivitis and periodontitis are two diseases that are 
frequently present in periodontal tissues. Brown algae is one of the natural substances that can be used to treat periodontal 
illnesses including gingivitis and periodontitis, as it contains tannins, saponins, phenols, flavonoids, iodine, steroids, and 


other compounds that function as antibacterial, antiviral, antifungal, and antioxidants.*° 


Impression Material: Brown algae , Sargassum polycystum is used as an irreversible hydrocolloid ( alginate ) 
material for taking dental impressions , Potassium alginate is a common component used in standard dental impression 
materials. The alginate impression material was composed of potassium alginate extracted from brown algae Sargassum 
polycystum. Ju et al have demonstrated that the functional group of the extracted potassium alginate had the same structure 


as the potassium alginate.” ” 


Dental Implants: The potential of the marine algae and their extracts has been harnessed to the benefit of the 
longevity of the dental implants and to reduce complications associated with implant placements. Alginates derived from 
marine brown algae had been used to coat over the implant surfaces to prevent implant contamination and infection post 
operatively. This is owing to the nature of bacteriostasis shown by these marine products.**“* Certain other marine red 
algae products AlgiPore (Dentsply Friadent, Mannheim, Germany) have been employed in sinus lift surgery as an alternate 
to the gold standard autogenous bone grafts. Ewers R, 2005 demonstrated that the marine-derived HA material ACA, in a 
mixture with approximately 10% autogenous collector bone and blood or platelet rich plasma, stimulated enough new bone 


in 6 months to allow implant osseointegration after 6 months with a high implant survival rate.**Merino JJ et al., 2019 had 


demonstrated the effective detoxification effect of chronic supplementation with marine green algae Chlorella vulgaris in 


longstanding titanium implants and dental amalgam patients.*° 
CONCLUSIONS 


Marine brown algae has been traditionally used in medicine and culinary products. The recent surge in research for 
identification of potent biomolecues from brown algae has yielded in a positive and convincing result. A plethora of 
application await for these medicinally superior plants. The ease of procurement, availability in large numbers and cheap 
rates have made research and development feasible. In lieu of synthetic medicines and their production brown algae 
provide a much sustainable and naturally acquired remedy. However for the real life application of such marine algae to 


manifest immense clinical research and development have to take place. 
REFERENCES 


1. Faran Ali S, Tanwir F. Oral microbial habitat a dynamic entity. Journal of Oral Biology and Craniofacial 
Research, 2012; 2(3):181-187. 


2. STRUZYCKA L. The Oral Microbiome in Dental Caries. Polish Journal of Microbiology. 2014; 63(2):127-135. 


3. Caufield P, Schon C, Saraithong P, Li Y, Argimon S. Oral Lactobacilli and Dental Caries. Journal of Dental 
Research. 2015; 94(9_suppl):110S-118S. 


4. Haque M, Sartelli M, Haque SZ. Dental Infection and Resistance—Global Health Consequences. Dent J (Basel) . 
2019;7(1) 
5. Marra F, George D, Chong M, Sutherland S, Patrick DM. Antibiotic prescribing by dentists has increased: Why? 


J Am Dent Assoc. 2016; 147(5):320-7. 


6. Zamimi N, Ab. Halim N, Md-Muziman-Syah M, Susanti D, Che Musa M, Yusof F. Antimicrobial Effect of Drug 
Incorporated Nanoparticles Against Oral Pathogens. Revista de Chimie. 2020; 70(12):4445-4449. 


7. Ponradha K, Nirmala C. Biodiversity of the Microalgal Population in Chettikulam Pond of Tenkasi District, 
Tamil Nadu, India. International Journal of Psychosocial Rehabilitation. 2020; 24(1):1968-1977. 


8. Eloranta P, Kwandrans J. Notes on some interesting freshwater Rhodophyta from Finland. Algological 
Studies/Archiv fiir Hydrobiologie, Supplement Volumes. 2002; 105:95-109. 


9. Chakraborty K, Praveen NK, Vijayan KK, Rao GS. Evaluation of phenolic contents and antioxidant activities of 
brown seaweeds belonging to Turbinaria spp. (Phaeophyta, Sargassaceae) collected from Gulf of Mannar. Asian 
Pac J Trop Biomed. 2013; 3(1):8-16. 


10. Liu L, Heinrich M, Myers S, Dworjanyn SA. Towards a better understanding ofmedicinalusesof the brown 
seaweed Sargassum in traditional Chinese medicine: A phytochemical and pharmacological review. J 


Ethnopharmacol. 2012; 142:591-619. 


11. Magesh KT, Aravindhan R, Kumar MS, Sivachandran A. Antibacterial Efficacy of the Extract of Sargassum 
Wightii Against Oral Pathogen — An In Vitro Study. J Orofac Sci 2020; 12:96-100. 


12. 


13. 


14. 


13. 


16. 


17. 


IS. 


19. 


20. 


21, 


22. 


23. 


24, 


25, 


Sujatha S, Rajasree SR, Sowmya JD, Donatus M. Imminent intriguing acquired potential biological effect of 


marine seawe eds a review. World Journal of Pharmaceutical Research 2015; 4:524-41. 


Chapman VJ. Seaweeds and their uses. The Camelot Press Ltd., Methuen and Co Ltd., London and Southampton, 
II Edn. 1Antimicrobial and anti-Inflammatory studies on Sargassum Wightii extracts. Int J Pharm Pharm Sci 
2014; 6:611-614. 


Shanmughapriya S, Manilal A, Sujith S, Selvin J, Seghal kiran G, Natarajaseenivasan K. Antimicrobial activity of 
seaweeds extracts against multiresistant pathogens. Annals of Microbiology 2008; 58:535-541. 


Cerna M. Seaweed proteins and amino acids as nutraceuticals. Advances in Food and Nutrition Research. 2011; 


64:297-312. 
MacArtain P, Gill CI, Brooks M. Nutritional value of edible seaweeds. Nutrition Reviews. 2007; 65:535—543. 


Misurcova L, Skrovankova S, Samek D. Health benefits of algal polysaccharides in human nutrition. Advances in 


Food and Nutrition Research. 2012; 66:75—145. 


De Almeida C, De S. Falcdo H, De M. Lima G, De A. Montenegro C, Lira N, De Athayde-Filho P et al. 
Bioactivities from Marine Algae of the Genus Gracilaria. International Journal of Molecular Sciences. 2011; 


12(7):4550-4573. 


Kim, S.K., Pangestuti, R. (2011) Biological activities and potential health benefits of fucoxanthin derived from 


marine brown algae. Advances in Food and Nutrition Research. 64: 111-128. 


De Almeida C, De S. Falcado H, De M. Lima G, De A. Montenegro C, Lira N, De Athayde-Filho P et al. 
Bioactivities from Marine Algae of the Genus Gracilaria. International Journal of Molecular Sciences. 2011; 


12(7):4550-4573. 


Hayashi, K.; Hamada, J.; Hayashi, T. A screening strategy for selection of anti-HSV-1 and antiHIV extracts from 
algae. Phytother. Res. 1996, 10, 233-237. 


Okamoto, R.; Hori, K.; Miyazawa, K.; Ito, K. Isolation and charcterization of a new hemagglutinin from the red 


alga Gracilaria bursa-pastoris. Experientia 1990, 46, 975-977. 124. 


Laycock, M.V.; Craigie, JS. The occurrence and seasonal variation of gigartinine and |-citrullinyl-l-arginine in 


Chondrus crispus stackh. Can. J. Biochem. 1977, 55, 27-30. 


Kim, J.B.; Hudson, A.M.; Huang, K.; Bannistes, A.; Jin, T.J.; Choi, G.H.N.; Towers, Y.K.; Wreede, R.E. 
Biological activity of seaweed extracts from British, Colombia, Canada and Korea. I. Antiviral activity. Can. J. 


Bot. 1997, 75, 1656-1660. 


A.Shibu .2019, Antifungal Activity of Marine Brown Algae Sargassum Wightii Collected from gulF of Mannar 
Biosphere Reserve. Int J Recent Sci Res. 10(12), Pp. 36608-36610. DOT: 
http://dx.doi.org/10.2432 7/ijrsr.2020.1012.4956 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


Vajiravelu, Sivamurugan & Subbiah, Dr. Murugesan & M, Pandithurai & N, ThamizhSelvan. (2015). Antifungal 
activity of various solvent extracts of marine brown alga Spatoglossumasperum. international journal of 


Pharmaceutical chemistry. 5. 277. 


Selvaraj R, Ayyappan M, Shiva R, Kabilan S. Screening for antifungal activity of macro algae. Seaweed Res. Utiln 
2006, 28(1): 89-98 


Negara BFSP, Sohn J-H, Kim J-S, Choi J-S. Antifungal and Larvicidal Activities of Phlorotannins from Brown 
Seaweeds. Marine Drugs. 2021; 19(4):223. https://doi.org/10.3390/md19040223 


Al-Azzawie, H. F. and Mohamed-Saiel, S. A. 2006. Hypoglycemic and antioxidant effect of oleuropein in alloxan- 
diabetic rabbits. Life Science 78: 1371-1377 


Akoh, C. C. and Min, B. D. 1997. Food Lipid Chemistry. In: Nutrition Biotechnology Marcel Dekker Inc., New 
York. 


Chandini, S. K., Ganesan, P. and Bhaskar, N. 2008. In vitro activities of three selected brown seaweeds of India. 
Food Chemistry 107: 707-713 


Bhakuni, D.S.; Dhawan, B.N.; Garg, H.S.; Goel, A.K.; Mehrotra, B.N.; Srimal, R.C.; Srivastava, M.N. Bioactivity 
of marine organisms: Part VI-Screening of some marine flora from Indian coasts. Indian J. Exp. Biol. 1992, 30, 


512-517. 


Yoshizawa, Y.; Tsunehiro, J; Nomura, K.; Itoh, M.; Fukui, F.; Ametani, A.; Kaminogawa, S. In vivo 
macrophage-stimulation activity of the enzyme-degraded water-soluble polysaccharide fraction from a marine 


alga (Gracilaria verrucosa). Biosci. Biotechnol. Biochem. 1996, 60, 1667-1671. 


Choi, J.S.; Lee, J.H.; Park, H.J.; Kim, H.G.; Young, H.S.; Mun, S.I. Screening for antioxidant activity of plants 


and marine algae and its active principles from Prunus davidiana. Korean J. Pharmacogn. 1993, 24, 299-303 


P.Y. Athukorala, K. N. Kim, and Y. J. Jeon, “Antiproliferative and antioxidant properties of an enzymatic 
hydrolysate from brown alga, Ecklonia cava,” Food and Chemical Toxicology, vol. 44, no. 7, pp. 1065-1074, 
2006. 


QO.H. Funahashi, T. Imai, T. Mase et al., “Seaweed prevents breast cancer?” Cancer Science, vol. 92, no. 5, pp. 


483-487, 2001. 


E. Taskin, Z. Caki, M. Ozturk, and E. Taskin, “Assessment of in vitro antitumoral and antimicrobial activities of 
marine algae harvested from the eastern Mediterranean sea,” African Journal of Biotechnology, vol. 9, no. 27, 


pp. 4272-4277, 2010. 


Sabbineni J. Phenol-An effective antibacterial Agent. Journal of Medicinal & Organic Chemistry 2016;3(2):182- 
191. 


Lee J. Anti-bacterial Effect of Marine Algae against Oral-borne Pathogens. Research Journal of Medicinal Plant. 
2014; 8(4):196-203. 


40. Suparmi SA. Mengenal potential seaweed: the study of seaweed resource utilization from industry and health 


aspects, sultan agung. XLIV 2009; 94:96. 


41. Ju H, Kim S, Lee Y. pH/temperature-responsive behaviors of semi-IPN and comb-type graft hydrogels composed 
of alginate and poly( N -isopropylacrylamide). Polymer. 2001; 42(16):6851-6857. 


42. Clara sumanik d. Role of brown algae (sargassum sp) as antibacterial (porphyromonas gingivalis) in periodontal 


diseases. International journal of applied pharmaceutics. 2022; 11(s4):12-15. 


43. Lan SF, Kehinde T, Zhang X, Khajotia S, Schmidtke DW, Starly B. Controlled release of metronidazole from 
composite poly-e-caprolactone/alginate (PCL/alginate) rings for dental implants. Dent Mater. 2013;29(6):656- 
665. 


44. Lee Y, Kim H, Seo C, Park T, Lee K, Yoo S et al. Marine polysaccharides: therapeutic efficacy and biomedical 
applications. Archives of Pharmacal Research. 2017; 40(9):1006-1020. 


45. Ewers R. Maxilla sinus grafting with marine algae derived bone forming material: a clinical report of long-term 


results. J Oral Maxillofac Surg. 2005; 63(12):1712-1723. 


46. Merino JJ, Parmigiani-Izquierdo JM, Toledano Gasca A, Cabafia-Munoz ME. The Long-Term Algae Extract 
(Chlorella and Fucus sp) and Aminosulphurate Supplementation Modulate SOD-1 Activity and Decrease Heavy 
Metals (Hg++, Sn) Levels in Patients with Long-Term Dental Titanium Implants and Amalgam Fillings 
Restorations. Antioxidants (Basel). 2019; 8(4):101. 


